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(54) ION BEAM TYPE SPUTTERING DEVICES 



ION BEAM TYPE SPUTTERING DEVICES 
CLAIM(S) 

An ion beam type sputtering device having a work piece holding 
means rotating on its rotating central axis while holding a 
plurality of work pieces along the circumference without making the 
work pieces, on which a thin film is formed, rotate on their own, 
and an ion beam generating means, which makes ion beams collide 
against a target composed of a sputtering material for forming said 
thin film in order to make the sputtering particles splash from the 
target to the work piece holding means, characterized as follows: 
said device further comprises a control means placed between 
said work piece holding means and said target holding means, 
eguipped with two sheets of shutter, each being supported so as to 
oscillate on the fulcrum positioned closer to said rotating central 
axis than to said target, and controlling the sputtering particle 
amount splashing from said target to said work piece holding means 
in the radial direction from said rotating central axis; 

said two sheets of shutter have end faces formed along the 
radial direction from said rotating central axis of the work piece 
holding means, respectively, and said end faces are opposing to 
each other. 
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DETAILED DESCRIPTIONS OF THE INVENTION 
(Field of Industrial Application) 

The present invention relates to an ion beam type sputtering 
device, whereby an insulating film or a thin metal film is 
deposited on a work piece such as a semiconductor wafer. 
(Prior Art) 

The structure of the prior art sputtering device using ion 
beams is introduced in "Formation of Thin Film and Its Evaluation; 
Applied Technology Hand Book," (Fuji Technology System, p. 289) and 
in "Thin Film Technology," (Kyoritsu Publishing Co., p. 121). 

Fig. 5 illustrates a schematic diagram of such an ion beam 
type sputtering device which can simultaneously process a plurality 
of work pieces, such as semiconductor wafers. With the sputtering 
device in this figure, a work piece holder 2 holding a plurality of 
work pieces such as semiconductor wafers 1 rotates inside a vacuum 
chamber 3. On the other hand, a target 5 made of a sputtering 
material is held by a target holder (not shown in the figure), and 
is positioned at the position apart from the target inside the 
vacuum chamber 3. Above the target 5, an ion generating chamber 6 
communicating with the vacuum chamber 3 is positioned. In the ion 
generating chamber 6, an inert gas such as Ar gas is ionized, and 
the generated ions in beam form are collided against the target 5 
at high speed. At this time, the sputtering particles are attached 
to the surface of the work piece(s) 1, and a thin film composed of 
the same material as that of the target is formed on the surface of 
the work piece 1. 
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From the time the device beings to operate until the time the 
sputtering state is stabilized, a shutter 7 is placed between the 
work piece(s) 1 and the target 5, and the sputtering particles 
splashed from the target 5 toward the work holder 2 are captured by 
the shutter 7. Accordingly, during this beginning period, the 
sputtering particles are not attached to the work piece(s) 1 
(presputtering period) . 

(Problem of the Prior Art to Be Addressed) 

In order to manufacturing super LSIs, the chips to be 
manufactured have come to be more and more miniaturized in recent 
years. As the miniaturization advances, the insulating films 
formed on semiconductor wafers are becoming thinner and thinner. 
As the films get thinner, they are expected to be accurately 
uniform in desired thickness and size. 

However, with the prior art ion beam type sputtering device, 
wherein the shutters 7 are withdrawn from between the work piece (s) 
1 and the target 5 while the work holder 2 is rotating, and the 
sputtering is conducted without using the shutter 7, the rotation 
speed of the outer circumference area of the work holder 2 is 
faster than the inner circumference area, so the work pieces pass 
through the splash region faster; therefore, the deposition amount 
of sputtering particles on the portion of the work piece surface 
held on the outer circumference area of the work piece holder 2 is 
less than that the other portion of the work piece surface held on 
the inner circumference area of the work piece holder 2. 
Accordingly, the film thickness formed on one portion of the 



surface of the work piece closer to the outer circumference of the 
holder 2 is thinner than other portion of the surface of the work 
piece closer to the inner circumference of the holder 2, which 
causes an uneven thickness of the film on the surface of the work 
piece. In order to prevent this, it is thinkable to provide an 
automatic rotation mechanism to the work piece holder to make the 
work piece(s) automatically rotate, but such a mechanism will 
require complexity, making the sputtering device more expensive and 
cooling of work piece(s) more difficult, therefore, is not 
desirable. 

Furthermore, there is a limit to the speed range at which 
sputtering deposition can be conducted, so the film thickness is 
determined by the deposition speed and the time length it takes for 
the work piece(s) to pass through the splash region. Accordingly, 
if the deposition speed is very fast, it is difficult to control 
the film thickness. 

Based on the aforementioned circumstances, the present 
invention aims to offer an ion beam type sputtering device, which 
can deposit a film of uniform thickness on the work piece(s) by 
easily controlling the film thickness without making the work piece 
holder more complex. 
(Means to Solve the Problems) 

To achieve the aforementioned objective, in the ion beam type 
sputtering device of the present invention, two sheets of shutter 
are positioned between the work piece holder and the target holder, 
and each of them is supported so as to be able to oscillate on the 
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fulcrum, which is positioned closer to the rotating central axis of 
the work piece holder than to the target, between the work piece 
holder and the target holder. Furthermore, on the two sheets of 
shutter, the end faces are formed nearly along the radial direction 
from the rotating central axis of the work piece holder, 
respectively, and these end faces are made to oppose to each other. 
(Function) 

In such a structure as this, the splash region where the 
sputtering particles splash in direction to the work piece holder 
can be made wider at the outer circumferential area from the 
rotating center axis of the work piece holder, and narrower at the 
inner circumferential area. Therefore, the time it takes for the 
work piece to pass through the splash region is almost the same at 
the outer and inner circumferential areas of the work piece holder. 
(Embodiment Example) 

The embodiment example of the present invention is explained 
below in reference to Fig. 1 - Fig. 4. 

Fig. 1 illustrates a schematic diagram of the embodiment 
example of the present invention. 

As shown in the figure, in this embodiment example, the work 
piece holder 12 holding the work pieces such as semiconductor 
wafers 11 by vacuum suction is installed on the right-hand side of 
the vacuum chamber 13. The work piece holder 12 is installed so as 
to be able to rotate, and a plurality of work pieces 11 are held 
along its circumference, the center of which is the rotating 
central axis. On the left-hand side of the vacuum chamber 13, the 



target 15 composed of the sputtering material is held by the target 
holder (not shown in the figure). Above the target 15, the ion 
generating chamber 25 communicating to the vacuum chamber 13 is 
positioned. In the ion generating chamber 25, an inert gas such as 
an Ar gas is ionized by thermal cathode electron collision or 
electron cyclotron resonance (ECR), and the generated ions are 
collided against the target 15 in form of beam at high speed. 
Thus, the sputtering is conducted. Accordingly, the target 15 is 
held with a proper inclination at the position some distance away 
from the work piece 11 so that the sputtered particles will be 
directed to the work piece holder 12. 

Between the target 15 and the work pieces 11 held by the work 
holder 12, is installed a control means 20 which regulates the 
shape and the size of the splash region, where the sputtered 
particles are splashed from the target 15, on the side of the work 
piece holder 12, and controls the amount of the sputtered particles 
splashing toward the work piece holder 12 in the radial direction 
from the rotational center axis 18 of the work holder 12. As shown 
in Fig. 2, the control means 20 has two sheets of shutter 21, each, 
having the end face 21a formed along the radial direction from the 
rotating central axis 18 of the work holder 12. The two shutters 
21 are supported by the arms 22, respectively, and positioned so 
that their end faces 21a will oppose to each other. The arms 22 
are supported so as to oscillate in the neighborhood of the 
rotating central axis 18 of the work piece holder 12. Accordingly, 
each shutter 21 oscillates on the center of each fulcrum 23 in the 
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neighborhood of the rotating central axis 18 of the work piece 
holder 12. 

Fig. 3 shows the arrangement of the work piece 11, the work 
piece holder 12, the target 15,' the target holder 16 and of the 
shutter 21 viewed from the position of the rotating central axis 
18. As shown in this figure, a fan-shaped space is formed 

between the shutters 21, and this space unit is positioned and 
secured above the target 15. Under this condition, the ion beams 
are radiated from the ion generating chamber 25 to the target 15 to 
conduct the sputtering. Then, the sputtering particles splashed 
from the portions of the target that are covered by the shutters 21 
are captured by the shutters 21. Therefore, only those sputtering 
particles which have splashed from the target and have passed 
between the shutters without being captured by the shutters 21 
reach the work piece holder 12. As a result, the shape and the 
size of the splash region where the sputtering particles are 
splashed to the surface of the work piece holder 12 become like 
those indicated by hatching in Fig. 1. As to the shape of the 
splash region, it is protruded in elliptic curve on the side of the. 
outer circumference and on the inner circumference side of the work 
piece holder 12, but it ultimately takes nearly a fan shape having 
its center on the rotating central axis 18 of the work piece holder 
12. Since the splash region on the side of the work holder becomes 
a fan shape, the time it takes for the portion of the work piece 
located near the outer circumference of the work piece holder 12 to 
pass through the splash region is equal to the time it takes for 



the portion of the work piece located near the inner circumference 
to pass through the splash region. Accordingly, the even amount of 
the sputter particles is uniformly deposited on the surface of the 
work piece on the outer circumferential area of the work holder 12 
and on the its inner circumferential area, and so is the thickness 
of the film formed on the work piece surface by the sputtering. 

In the above embodiment example, the splash region on the side 
of the work piece holder can be enlarged by enlarging the space ' 
between the shutters 21, and can be narrowed by narrowing the space 
between the shutters 21. Even if the space between the shutters is 
adjusted, the deposited amount of the sputter particles on the 
surface of the work pieces will remain uniform whether the portion 
of the surface is nearer to the outer circumference or to the inner 
circumference of the work piece holder 12. Accordingly, by thus 
adjusting the size of the splash region, the film thickness formed 
on the work piece 11 can be easily adjusted while the work piece is 
passing through the splash region once. Since the size of the 
splash region can be made smaller by narrowing the space between 
the shutters 21, it is theoretically possible to make the film, 
thickness infinitely thinner and thinner while the work piece is 
passing through the splash region once; therefore, the final film 
thickness can be easily and precisely adjusted to the desired 
thickness . 

In the above embodiment example, the size and the shape of the 
target are not taken into consideration. In reality, a circular 
target is used for the target 15, and its size is limited to a 

8 



specific size. The target 15 is secured at a specific position 
with a specific inclination relative to the work piece 11. 
Therefore, when the opposing end faces 21a of the shutters 21 are 
formed linearly, as shown in Fig, 1 - Fig. 3, the film thickness 
tends to become thicker at the area facing the center of the 
target. The positions of the supporting fulcrums 23 of the arms 22 
supporting the shutters 21 are structurally restricted. In such a 
case, the end faces 21a of the shutters 21 are bulged in curvature, 
as shown in Fig. 4, and the supporting fulcrums 23 of the arms 22 
can be positioned closer to the target 15 between the rotating 
center of the work piece holder 12 and the target 15. The end 
faces 21a of the shutters 21 shown in these drawings are bulged 
nearly in arc shape, but these end faces 21a have only to be formed 
along the radial direction from the rotating central axis 18. 

As to the position of the supporting fulcrum 23, the size and 
the shape of the end face 21, it is desirable to optimize them 
relative to the diameter of the target, the effective dimension to 
be sputtered, and to the positional relationship of the work 
pieces, the shutters, and of the target. 

The above embodiment example explained the case in which only 
one target 15 was used in the vacuum chamber 13, but in the ion 
beam type sputtering device of the present invention, the number of 
the target is not limited to one. A plurality of targets, each 
being made of different materials, may be used in the vacuum 
chamber, and the aforementioned control means may be installed for 
each target. 
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The aforementioned two sheets of shutter 21 have a near semi- 
circular shape with the end faces 21a formed along the radial 
direction from the rotating central axis 18 of the work holder 12 
and with the arc-shaped outer circumference, but the shape of this 
outer circumference may be replaced by a polygonal shape. 
(Advantage of the Invention) 

As mentioned above, with the ion beam type sputtering device 
of the present invention, the film thickness formed on the surface 
of the work piece can be made uniform, and a desired film thickness 
can be easily and precisely obtained. In addition, the device can 
be constructed into a simple structure without installing an 
automatic work-piece rotating mechanism on the work holder. 
Therefore, the device of the present invention can contribute to 
higher integration of super LSI and to manufacturing of more 
reliable semiconductor devices at lower cost. 

BRIEF DESCRIPTIONS OF THE DRAWING(S) 
Fig. 1 illustrate a schematic diagram of the ion beam type 
sputtering device of the present invention as its embodiment, 
example. Fig. 2 shows a sidelong view of the control means shown 
in Fig. 1. Fig. 3 illustrates the arrangement of the key 
components in the ion beam type sputtering device. Fig. 4 shows a 
sidelong view of the control means other than that shown in Fig. 2. 
Fig. 5 shows a sidelong view of the prior art ion beam type 
sputtering device. 
11. work piece 
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12. work piece holder 

13. target holder 

18. rotating central axis 

20. control means 

21. shutter 
21a. end surface 

22 . arm 

25. ion generating chamber 
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